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(57) ABSTRACT 
Provided is a receiving apparatus that includes a receiving 
unit which receives a trellis-coded modulation signal in 
which data items modulated by a plurality of trellis-coded 
modulators have been multiplexed; a data processing unit 
which arranges the data items multiplexed in the trellis-coded 
modulation signal received by the receiving unit so that a 
given number of data items modulated by one of the trellis 
coded modulators are arranged consecutively in first order in 
which the data items modulated by one of the trellis-coded 
modulators have been modulated as arrangement processing 
and the arrangement processing is repeated in remaining trel 
lis-coded modulators; a trellis decoding unit which performs 
trellis decoding of the data items arranged by the data pro 
cessing unit, thereby producing decoded data items; and a 
data rearranging unit which rearranges the decoded data 
items in second order in which the decoded data items have 
been multiplexed in the trellis-coded modulation signal. 

14 Claims, 6 Drawing Sheets 
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1. 

RECEIVINGAPPARATUS AND RECEIVING 
METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a receiving apparatus and a 

receiving method. 
2. Description of the Related Art 
Digitization of television broadcasts and radio broadcasts 

has been proceeding on the global scale in recent years. The 
ATSC (Advanced Television Systems Committee) standards 
for a terrestrial digital broadcasting system in the United 
States specifies the following processes: First, signal process 
ing Such as Reed-Solomon encoding and interleaving is per 
formed on transport streams (also referred to below as TSs) 
specified by an international compression coding standard 
MPEG2 (Moving Picture Experts Group 2). Then, coded 
modulation is performed by twelve trellis-coded modulators 
on data on which the signal processing has been performed. 
Thereafter, the code-modulated data are multiplexed and 
transmitted in a form of a single carrier wave. 

Accordingly, a conventional receiver compliant with the 
ATSC standards performs synchronous processing and 
equalization processing on a signal received by a tuner, and 
then executes twelve trellis decoding processes in parallel on 
the signal on which the processing has been performed. In this 
case, the receiver includes twelve identical processing cir 
cuits, and therefore circuit size of the receiver is large. 

In a technology disclosed in Japanese Patent Publication 
No. 4113600 (paragraphs 0042 to 0055, FIG. 10 and FIG. 15), 
a signal group is generated by arranging multiplexed modu 
lation signals cyclically in accordance with the respective 
trellis-coded modulators that have performed trellis-coded 
modulation processing. Then, the generated signal group is 
input to a trellis decoding circuit. The trellis decoding circuit 
performs traceback processing while identifying inforegoing 
processing the trellis-coded modulator that has processed the 
code-modulated signals arranged in the signal group. The 
technology disclosed in the Japanese Patent Publication pro 
poses the processing described above to configure a receiver 
with a single trellis decoding circuit. 

The technology disclosed in the Japanese Patent Publica 
tion, however, requires a memory that can store at least one 
signal group of cyclically arranged signals and requires the 
foregoing processing to identify the trellis-coded modulator 
that has processed the code-modulated signals, thereby 
increasing required memory capacity and circuit size. This 
would bring about increased cost of components such as a 
large-scale integrated circuit (LSI). 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a receiving 
apparatus and a receiving method that make it possible to 
decode trellis-coded modulation signals without increasing 
required memory capacity and circuit size, using a trellis 
decoding circuit included in the receiving apparatus. 

According to an aspect of the present invention, a receiving 
apparatus includes a receiving unit which receives a trellis 
coded modulation signal in which data items modulated by a 
plurality of trellis-coded modulators have been multiplexed; a 
data processing unit which arranges the data items multi 
plexed in the trellis-coded modulation signal received by the 
receiving unit so that a given number of data items modulated 
by one of the trellis-coded modulators are arranged consecu 
tively in first order in which the data items modulated by one 
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2 
of the trellis-coded modulators have been modulated as 
arrangement processing and the arrangement processing is 
repeated in remaining trellis-coded modulators; a trellis 
decoding unit which performs trellis decoding of the data 
items arranged by the data processing unit, thereby producing 
decoded data items; and a data rearranging unit which rear 
ranges the decoded data items in second order in which the 
decoded data items have been multiplexed in the trellis-coded 
modulation signal. 

According to an aspect of the present invention, the trellis 
coded modulation signal can be decoded without increasing 
required memory capacity and circuit size, even if a single 
trellis decoding circuit is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the attached drawings: 
FIG. 1 is a block diagram Schematically showing a con 

figuration of a receiving apparatus according to an embodi 
ment; 

FIG. 2 is a block diagram Schematically showing a con 
figuration of a transmitting side circuit; 

FIG. 3 is a table schematically showing relationships 
between inputs and outputs of the transmitting side circuit; 

FIG. 4 is a flowchart illustrating a process in which an 
equalization circuit reads out data from a first storage ele 
ment; 

FIGS. 5A and 5B are schematic diagrams showing data 
configurations and input-output timing of data input to and 
data output from the first storage element in the receiving 
apparatus according to the embodiment; and 

FIG. 6 is a conceptual diagram illustrating traceback pro 
cessing by a trellis decoding circuit in the receiving apparatus 
in the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of a receiving apparatus and a receiving 
method to which the present invention is applied will be 
described. In the embodiment, a receiving apparatus and a 
receiving method for terrestrial digital broadcasting in the 
United States, using the Viterbialgorithm as a decoding algo 
rithm, will be described, but the present invention is not 
confined to that. 

FIG. 1 is a block diagram Schematically showing a con 
figuration of a receiving apparatus 100 according to an 
embodiment. The receiving apparatus 100 can perform a 
receiving method to which the present invention is applied. 
The receiving apparatus 100 receives a signal (i.e., a trellis 
coded modulation signal) in which data including data items 
modulated by a plurality of trellis-coded modulators have 
been multiplexed. As shown in the figure, the receiving appa 
ratus 100 includes a receiving unit 101, a channel state esti 
mating circuit 104 functioning as a channel state estimating 
unit, an equalization circuit 105 functioning as an equalizing 
unit, a trellis decoding circuit 108 functioning as a trellis 
decoding unit, and a data rearranging circuit 111 functioning 
as a data rearranging unit. Outputs of the data rearranging 
circuit 111 are processed in an external coding-decoding 
circuit and an inverse energy diffusion circuit, which are not 
shown in the figure, and the TSs are decoded and reproduced. 

Here, the trellis-coded modulation signal received by the 
receiving apparatus 100 will be described. 

FIG. 2 is a block diagram Schematically showing a con 
figuration of a transmitting side circuit 130 in a transmitting 
apparatus conforming to the ATSC standards. The transmit 
ting side circuit 130 modulates data items by a plurality of 
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trellis-coded modulators and multiplexes the modulated data 
items. As shown in the figure, the transmitting side circuit 130 
includes a byte switch 131, twelve trellis-coded modulators 
132 #0 to 132 #11 (also referred to as trellis-coded modula 
tors 132 when there is no particular need to distinguishamong 
them), and a symbol switch 133. 

Byte data are input to the transmitting side circuit 130. The 
byte switch 131 switches an output destination of the input 
byte data on a byte-by-byte basis. For example, the byte 
switch 131 switches the output destination in turn to any of 
the trellis-coded modulators 132 #0 to 132 #11 in order of 
the trellis-coded modulators 132 #0, 132 #1, 132 #2, ..., 
132 #11. After the byte switch 131 Switched the output des 
ignation to the trellis-coded modulator 132 #11, it switches 
the output designation to the trellis-coded modulator 132 #0 
again. The byte Switch 131 changes the output destination in 
turn cyclically as described above. 

The trellis-coded modulator 132 encodes and modulates 
two-bit data included in the byte data assigned by the byte 
switch 131, thereby generating one symbol of data (also 
referred to as a data symbol). 
The symbol switch 133 switches an inputsource of the data 

symbol on a symbol-by-symbol basis. For example, the sym 
bol switch 133 switches the input source in turn to any of the 
trellis-coded modulators 132 #0 to 132 #11 in the order of 
the trellis-coded modulators 132 #0, 132 #1, 132 #2, ..., 
132 #11, and after the symbol switch 133 switched the input 
source to the trellis-coded modulator 132 #11, it switches the 
inputsource to the trellis-coded modulator 132 #0 again. The 
symbol switch 133 changes the input source in turn cyclically 
as described above. 

In the ATSC standards, a single segment includes 828 
symbols (excluding a segment synchronization signal). Fur 
thermore, in the ATSC standards, a position in each segment, 
at which switching order (byte-order) of the byte switch 131 
changes, varies from segment to segment, and Switching 
order (symbol-order) of the symbol switch 133 changes at a 
beginning position of each segment. These changes are illus 
trated in FIG. 3. 

FIG. 3 is a table schematically showing relationships 
between inputs and outputs of the transmitting side circuit 
130. 
A “symbol' column in FIG. 3 shows order (i.e., symbol 

order) of symbols output from the symbol switch 133. Each of 
“trellis’ columns shows numbers assigned to the trellis-coded 
modulators 132 that have performed modulation. The num 
bers of the trellis-coded modulators 132 correspond to num 
bers N, each of which follows a hash sign it added at an end of 
the trellis-coded modulator 132 exemplarily shown in FIG. 2. 
Each of “byte' columns shows order (i.e., byte-order) of the 
byte data input to the byte switch 131. The “bit column 
shows bits encoded and modulated by the trellis-coded modu 
lator 132, of the byte data input from the byte switch 131. 

In other words, the byte data are input to the byte switch 
131 in the order shown in the “byte' columns; in the input 
byte data, the bits indicated in the “bit columns are encoded 
and modulated by the trellis-coded modulators 132 indicated 
in the “trellis' columns; and the modulated bits are output as 
the data symbol in the order shown in the “symbol column. 

The position, at which the order of the byte switch 131 
changes, is Switched in each segment as shown in FIG. 3. In 
byte-order 1, byte data input order changes at a beginning of 
the segment (a position at which a value of “symbol column 
is 0). In byte-order 2, byte data input order changes at a 
position at which a value of “symbol column is 36. In 
byte-order 3, byte data input order changes at a position at 
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4 
which a value of “symbol column is 24. In byte-order 4, 
byte data input order changes at a position at which a value of 
“symbol column is 12. 

For example, in segment 0, byte data are input cyclically, 
starting from the trellis-coded modulator 132 #0. In segment 
1, because all the byte data input cyclically from the trellis 
coded modulator 132 #0 have not been encoded and modu 
lated yet, the byte-order 1 is first used in the same way as in the 
segment 0. After all those byte data are encoded and modu 
lated, byte data are input cyclically, starting from the trellis 
coded modulator 132 #4 (byte-order 2 in FIG.3). In segment 
2, byte data are first switched in byte-order 2, and from the 
position where byte-order 3 starts, byte data are input cycli 
cally, starting from the trellis-coded modulator 132 #8. 
As described later, the orders in the symbol switch 133 are 

changed at the beginning of each segment. Since there are 
three orders in the symbol switch 133, the trellis-coded modu 
lators 132 to which byte data are input according to the 
byte-orders 1 to 4 take twelve segments to complete a full 
cycle. 
The orders in the symbol switch 133 changes at the begin 

ning of each segment. In symbol-order 1, symbols are 
received in turn, starting from the trellis-coded modulator 
132 #0. In symbol-order 2, symbols are received in turn, 
starting from the trellis-coded modulator 132 #4. In symbol 
order 3, symbols are received in turn, starting from the trellis 
coded modulator 132 #8. 

In segment 0, symbols are received in turn cyclically, start 
ing from the trellis-coded modulator 132 #0. In segment 1, 
symbols are received in turn cyclically, starting from the 
trellis-coded modulator 132 #4. In segment 2, symbols are 
received in turn cyclically, starting from the trellis-coded 
modulator 132 #8. The same processes as those in the seg 
ments 0 to 2 are repeated in segment 3 and Subsequent seg 
ments in three-segment cycles. As described above, in the 
trellis-coded modulation signal, multiplexing order is 
changed in a given period. 
A multiplexed signal produced as described above is input 

to the receiving apparatus 100 according to this embodiment. 
The receiving apparatus 100 in this embodiment is next 

described with reference to FIG. 1. 
The receiving unit 101 receives the trellis-coded modula 

tion signal in which the data items modulated by the plurality 
of trellis-coded modulators 132 have been multiplexed. The 
receiving unit 101 includes a tuner 102 functioning as a 
reception processing unit and a synchronizing circuit 103 
functioning as a synchronizing unit. 
The tuner 102 selects abroadcast wave as desired by a user, 

and then converts an RF signal received from outside to an IF 
signal to Supply the IF signal to the synchronizing circuit 103. 
The synchronizing circuit 103 extracts the trellis-coded 

modulation signal from the IF signal received from the tuner 
102. The synchronizing circuit 103 corrects a frequency error 
and a clock frequency error in a carrier wave and detects a 
field synchronization signal and a segment synchronization 
signal on the basis of a extracted trellis-coded modulation 
signal. Then, the synchronizing circuit 103 Supplies the 
extracted trellis-coded modulation signal to the equalization 
circuit 105 and gives a detection result of the synchronization 
signal to the channel State estimating circuit 104. 
The channel state estimating circuit 104 estimates a chan 

nel state by using a fact that the field synchronization signal 
and the segment synchronization signal Supplied from the 
synchronizing circuit 103 are known signals. It then estimates 
a channel state of a signal between the known signals by 
performing interpolation or extrapolation using a channel 
state obtained from the known signals. Then, the channel state 
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estimating circuit 104 gives the equalization circuit 105 a 
channel estimation result corresponding to order of signals 
that have been read from a first storage element 107. 

The equalization circuit 105 functions as a data processing 
unit which corrects distortion of the trellis-coded modulation 
signal received by the receiving unit 101 and arranges the 
multiplexed data items included in the trellis-coded modula 
tion signal so that a given number of data items multiplexed 
by one of the trellis-coded modulators 132 are set in a row in 
the order (i.e., first order) in which the data items have been 
modulated. The equalization circuit 105 includes an equal 
ization processing circuit 106 functioning as an equalization 
processing unit and the first storage element 107 functioning 
as a first storage unit. 
The equalization processing circuit 106 in this embodi 

ment functions as an equalization processing unit which 
equalizes the trellis-coded modulation signal and as a storage 
control unit which controls the first storage element 107. In 
other words, the equalization processing circuit 106 in this 
embodiment includes the equalization processing unit and the 
storage control unit. 
The equalization processing circuit 106 Supplies the first 

storage element 107 with the trellis-coded modulation signal 
received from the synchronizing circuit 103 and has the first 
storage element 107 store data indicated by this signal. By 
controlling the first storage element 107, the equalization 
processing circuit 106 reads out a given number of consecu 
tive data items modulated by one of the trellis-coded modu 
lators 132. The given number of consecutive data items 
modulated by one of the trellis-coded modulators 132 is 
referred to as a data block. The equalization processing circuit 
106 also performs read control so that the data items modu 
lated by one of the trellis-coded modulators 132 are arranged 
in the data blocks in the order in which the data items have 
been multiplexed. A data block which contains data items 
modulated by a certain trellis-coded modulator 132 is 
referred to as a first data block; and another data block which 
contains data items modulated by the certain trellis-coded 
modulator 132 and modulated next to the first data block is 
defined as a second data block. The equalization processing 
circuit 106 performs read control so that the first data block 
and the second data block are connected so as to arrange the 
first data block after the second data block, for example. A 
combination of the second data block and the first data block 
connected after the second data block is referred to as a data 
group. A data group which contains data items modulated by 
a certain trellis-coded modulator 132 is referred to as a first 
data group; and another data group which contains data items 
modulated by the certain trellis-coded modulator 132 and 
read after the first data group is referred to as the second data 
group. The equalization processing circuit 106 performs read 
control so that an anterior-half data block of the first data 
group becomes the same as a posterior-half data block of the 
second data group. The equalization processing circuit 106 
repeats arrangement processing described above in remain 
ing trellis-coded modulators 132. The equalization process 
ing circuit 106 functions as the storage control unit as 
described above. 
The equalization processing circuit 106 receives a signal of 

a read and arranged data group from the first storage element 
107 and the channel estimation result from the channel state 
estimating circuit 104, corrects distortion of the signal to 
produce a corrected signal, and Supplies the corrected signal 
to the trellis decoding circuit 108. The equalization process 
ing circuit 106 may correct a signal Supplied from the Syn 
chronizing circuit 103 to produce a corrected signal by using 
the channel estimation result Supplied from the channel State 
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6 
estimating circuit 104 and have the first storage element 107 
store data of the corrected signal. In this case, the channel 
state estimating circuit 104 does not need to make the channel 
estimation result correspond to the order in which signals 
have been read from the first storage element 107. The equal 
ization processing circuit 106 functions as the equalization 
processing unit as described above. 
The first storage element 107 stores data (trellis-coded 

modulation data) indicated by the trellis-coded modulation 
signal Supplied from the synchronizing circuit 103, as con 
trolled by the equalization processing circuit 106, and reads 
out the stored data as controlled by the equalization process 
ing circuit 106. 
The trellis decoding circuit 108 performs trellis decoding 

of the data arranged by the equalization circuit 105. The trellis 
decoding circuit 108 includes a trellis decode processing 
circuit 109 and a second storage element 110. 
The trellis decode processing circuit 109 decodes data 

supplied from the equalization processing circuit 106 with the 
Viterbialgorithm as a publicly known technique, using the 
second storage element 110, thereby producing decoded data. 
The trellis decode processing circuit 109 then supplies the 
decoded data to the data rearranging circuit 111. The Viterbi 
algorithm is an algorithm for performing a decoding process 
by calculating a state transition probability sequentially on 
the basis of likelihood information included in input data, 
performing traceback processing in accordance with the State 
transition probability calculated from data having a data 
length (traceback length) corresponding to a given number of 
data items, and selecting the likeliest path. In other words, the 
given number of data items to be arranged by the equalization 
circuit 105 is a number depending on a length of traceback 
processing attributable to decoding performance of the trellis 
decoding circuit 108. 
The data group Supplied from the equalization processing 

circuit 106 has data to be decoded and output, in its posterior 
half (the amount of the data being equivalent to the traceback 
length), and data that follow the data to be decoded and 
output, in its anterior half (the amount of the data being 
equivalent to the traceback length). Therefore, the trellis 
decode processing circuit 109 divides the data group into two 
parts and determines a likeliest path state in a second-stage 
traceback in the posterior half of the data group by performing 
a first-stage traceback in the anterior half of the data group. 
Since the trellis decode processing circuit 109 executes tra 
ceback in the two stages and gives the decoded result of the 
posterior half of the data group to the data rearranging circuit 
111 in a byte unit, the second storage element 110 can be 
configured by the Smallest amount of memory equivalent to 
the traceback length. 
The second storage element 110 stores the state transition 

probability calculated by the trellis decode processing circuit 
109 in the traceback processing. 
The data rearranging circuit 111 rearranges the data items 

decoded by the trellis decoding circuit 108 in the order (i.e., 
second order) in which the data items have been multiplexed 
in the trellis-coded modulation signal, or in which the data 
items have been input to the plurality of trellis-coded modu 
lators 132. The data rearranging circuit 111 includes a data 
rearrangement processing circuit 112 and a third storage ele 
ment 113. 
The data rearrangement processing circuit 112 has the third 

storage element 113 store the decoded data items supplied 
from the trellis decode processing circuit 109, every twelve 
bytes cyclically, thereby restoring the order of data items that 
has been changed when they are read from the first storage 
element 107. The data rearrangement processing circuit 112 
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then rearranges the data items stored in the third storage 
element 113 regularly in a reverse order of the data order 
arranged on the transmitting side circuit. 
The third storage element 113 stores data items as con 

trolled by the data rearrangement processing circuit 112. 
FIG. 4 is a flowchart illustrating a process in which the 

equalization processing circuit 106 as a storage control unit, 
reads out data from the first storage element 107. In the 
process illustrated in FIG. 4, data indicated by the trellis 
coded modulation signal are recorded and then read out, and 
the data group described above can be configured. 

The equalization processing circuit 106 monitors the pro 
cessing to determine whether read data are an anterior half or 
a posterior half of the data group, since the read data address 
depends on whether the read data are an anterior half or a 
posterior half of the data group modulated by the trellis-coded 
modulator 132 (S10). When it is determined that the anterior 
half of the data group is processed (YES in step S10), the 
process proceeds to step S11. When it is determined that the 
posterior half of the data group is processed (NO in step S10), 
the process proceeds to step S26. 

In step S11, the equalization processing circuit 106 con 
firms the number (assigned trellis number) of the trellis 
coded modulator 132 which has modulated the data to be 
read. In this embodiment, an initial value of the assigned 
trellis number is 0, which indicates the trellis-coded modu 
lator 132 #0. If the assigned trellis number is 0 (YES in step 
S11), the process proceeds to step S12. If the assigned trellis 
number is not '0' (NO in step S11), or if the assigned trellis 
number is any number from 1 to 11, the process proceeds 
to step S13. 

In step S12, the equalization processing circuit 106 calcu 
lates an address start reference value by adding the total 
amount of data modulated by the respective trellis-coded 
modulators 132 that are to be read in units of a given number 
of data items, to an address storage value stored in a memory 
(address storage unit) 106a of the equalization processing 
circuit 106, as given by expression (1) below. 

(Address start reference value)=(Address storage 
value)+12x(Set value) (1) 

In the expression (1), the total amount is “12x(Set value). 
The set value is the number (fixed number) of data items 
included in the data block. The set value may be given from 
the outside or may be predetermined. 

The equalization processing circuit 106 specifies a calcu 
lated address start reference value as an initial address value 
that indicates an initial address. 

In step S13, the equalization processing circuit 106 speci 
fies the address start reference value which has already been 
calculated in step S12 as the initial address value. 
The equalization processing circuit 106 then calculates an 

offset value, considering the start position of the trellis-coded 
modulator 132 which has modulated the data to be read in 
each segment (S14). The offset value indicates the difference 
between the initial address and the data read address, and is 
calculated as given by expression (2) below. As described 
earlier, the start position of the trellis-coded modulator 132 is 
cyclically selected in turn in each segment with reference to 
the field synchronization signal from three possible start posi 
tions: the trellis-coded modulator 132 #0, the trellis-coded 
modulator 132 #4, and the trellis-coded modulator 132 #8. 

(Offset position)=(N+(8xA)mod 12)+1 (2) 

In expression (2), the value N is the number, 0 to 11, 
following the hash sign it added at the end of the trellis-coded 
modulator 132 which has modulated the data to be read. The 
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8 
value A ranges from 0 to 2, respectively corresponding to 
symbol-order numbers 1 to 3, of the segment containing the 
data to be read. The value A can be calculated as a remainder 
given by dividing the segment number by 3. 
The equalization processing circuit 106 next calculates an 

address value that indicates an address by adding the offset 
value to the initial address value (S15). 
The equalization processing circuit 106 reads outdata at an 

address corresponding to the calculated address value in the 
first storage element 107 and adds 1 to the number of read 
data items (S16). The initial value of the number of the read 
data items is '0'. In FIG.4, “DATANUMBER represents the 
number of the read data items. 

Next, the equalization processing circuit 106 determines 
whether the number of read data items reaches the set value 
specified in step S12 (S17). If the number of read data items 
has not reached the set value (NO in step S17), the process 
proceeds to step S18. If the number of read data items has 
reached the set value (YES in step S17), the process proceeds 
to step S21. 

In step S18, the equalization processing circuit 106 deter 
mines whether the address calculation value, which is 
obtained by subtracting the initial address value from the 
address value and adding 12, exceeds a predetermined 
value, which is here the number of the data items (e.g., a value 
of828) included in a single segment. If the address value does 
not exceed the predetermined value (NO in step S18), the 
process proceeds to step S19. If the address value exceeds the 
predetermined value (YES in step S18), the process proceeds 
to step S20. 

In step S19, the equalization processing circuit 106 adds 
12 to the address value. Then, the process proceeds to step 
S16. 

In steps S16 to S18, the equalization processing circuit 106 
repeatedly reads out data at the address obtained by adding 
12 to the last address value until the address calculation 
value exceeds the predetermined value. 

In step S20, the equalization processing circuit 106 adds 
1 to the segment number. The initial value of the segment 
number is 0. The process then proceeds to step S14. 

In step S17, if it is determined that the number of the read 
data items has reached the set value (YES in step S17), the 
equalization processing circuit 106 initializes the number of 
the read data items (S21). 
The equalization processing circuit 106 then checks 

whether the data to be read next are a posterior half of a data 
group (S22). If the data to be read next are a posterior half of 
a data group (YES in step S22), the process proceeds to step 
S23. If the data to be read next are not a posterior half of a data 
group (NO in step S22), or if the data to be read next are an 
anterior half of a data group, the process proceeds to step S24. 

In step S23, the equalization processing circuit 106 adds 
1 to the number assigned to the trellis-coded modulator 132 
which has modulated the data to be read. The process then 
proceeds to step S24. 

In step S24, the equalization processing circuit 106 deter 
mines whether the number assigned to the trellis-coded 
modulator 132 which has modulated the data to be read has 
reached 12. If the number has not reached 12 (NO in step 
S24), the process proceeds to step S10. In that case, the 
equalization processing circuit 106 repeats step S10 and Sub 
sequent steps to read the posteriorhalf of the data group. If the 
number reaches 12 (YES in step S24), the process proceeds 
to step S25. 

In step S25, the equalization processing circuit 106 stores 
the address start reference value calculated in step S12 as an 
address storage value in the memory 106a. 
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If it is determined in step S10 that the data to be read next 
are a posterior half of a data group (NO in step S10), the 
process proceeds to step S26. In step S26, the equalization 
processing circuit 106 specifies the address storage value 
stored in the memory 106a as the initial address value in order 
to start the processing of the posterior half of the data group. 
Then, after the value is specified, the process proceeds to step 
S14. 

FIGS. 5A and 5B are schematic diagrams showing data 
configurations and input-output timing of data input to and 
data output from the first storage element 107 in the receiving 
apparatus 100 according to the embodiment. 

In FIG. 5A, the data 120 input to the first storage element 
107 are divided in units of the set value multiplied by twelve 
to produce divided data that constitutes data groups referred 
to as TB-groups. Each of the TB-groups has as many 
G-groups as the set value. Each of the G-groups has twelve 
data items C1 to C12. In FIG.5A, the set value is N, where N 
is an integer not Smaller than 2. In other words, data items 
forming a single G-group are referred to as data items C1 to 
C12. Each of the data items C1 to C12 are data modulated by 
the trellis-coded modulators 132 #0 to 132 #11 respectively. 

Data 120 input to the first storage element 107 are stored in 
the order in which they are input, and the data 120 are read as 
illustrated in the flowchart shown in FIG. 4. Read data 121 are 
as shown in FIG.5B. As shown in FIG.SB, the read data 121 
include C1- to C12-groups in that order: in each of C1-group, 
C2-group, C12-group, the data C1 to C12 modulated by the 
same trellis-coded modulator 132 is gathered. Each C-group 
includes data CM (M is an integer satisfying 1s Ms. 12), and 
the amount of data of each C-group is a value of the set value 
multiplied by two. Each C-group has different read positions 
in the anterior half and the posterior half, and the anterior half 
of the C1-group 1 has the same data as the posterior half of the 
C1-group 2. 
The C1-group to be read will be described in detail. The 

read order of data items in the C1-group 1 is as follows: 

Here, TB 2/G N+1/C1 represents a data item C1 included 
in a G-group G N+1 included in a TB-group TB 2. 

FIG. 6 is a conceptual diagram illustrating the traceback 
processing of the trellis decode processing circuit 109 of the 
receiving apparatus 100 in the embodiment. In FIG. 6, 
DB M+1 and DB M denote data blocks included in a single 
data group. The data block DB M+1 indicates an anterior 
half data block of the single data group, and the data block 
DB Mindicates aposterior-halfdata block of the same single 
data group. The data block DB M stores data encoded and 
modulated by one of the trellis-coded modulators 132 in the 
order in which the data have been multiplexed. The data block 
DB M+1 includes data encoded and modulated by one of the 
trellis-coded modulators 132, following the data included in 
the data block DBM, in the order in which the data have been 
multiplexed. 
As shown in FIG. 6, data of the data block DB M+1 are 

first supplied to the trellis decode processing circuit 109 in an 
input 1, and the trellis decode processing circuit 109 calcu 
lates the channel states of the input data Successively, and 
stores them in the second storage element 110. 

Data of the traceback length are then input to the trellis 
decode processing circuit 109. When the trellis decode pro 
cessing circuit 109 finishes calculating the channel states, the 
trellis decode processing circuit 109 calculates the likeliest 
state of the last input data and selects the likeliest path by the 
traceback processing 1 starting from the likeliest state. The 
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10 
trellis decode processing circuit 109 then records just the 
likeliest state obtained for the input data input at the begin 
ning of the data block DB M+1 in a memory (likeliest state 
storage unit) 109a in the trellis decode processing circuit 109, 
for example. 

Next, in an input 2, data of the data block DB Mare input 
to the trellis decode processing circuit 109. The trellis decode 
processing circuit 109 successively calculates the channel 
states of the input data in the same manner as for the data 
block DB M+1 and stores them in the second storage ele 
ment 110. 

Data corresponding to the traceback length is then input to 
the trellis decode processing circuit 109. When the trellis 
decode processing circuit 109 finishes calculating the channel 
states, the trellis decode processing circuit 109 selects the 
likeliest path by the traceback processing 2 starting from the 
likeliest state obtained with the data block DB M+1 (likeliest 
state stored in the memory 109a). After finishing the trace 
back processing 2, the trellis decode processing circuit 109 
Supplies decoded data to the data rearrangement processing 
circuit 112 in order in which they have been input as the input 
2. 
As described above, the trellis decode processing circuit 

109 receives the two data blocks from the equalization pro 
cessing circuit 106, obtains a plurality of likeliest states by 
performing trellis decoding of the data block which has been 
modulated later, identifies, from the likeliest states, a single 
likeliest state at which the traceback processing of the data 
block which has been modulated earlier starts, and performs 
trellis decoding of the data block which has been modulated 
earlier by using the single identified likeliest state. 
The processing described above may be implemented by 

performing the storage processing of the data block DB Mat 
the same address as the address the traceback processing of 
the data block DB M+1 has been performed. For example, if 
memory addresses 1 to 50 have been read to perform the 
traceback processing of the data block DB M+1, the trellis 
decode processing circuit 109 calculates the channel states 
for data of the data block DB Mthat have been input after the 
readout of the data block DB M+1 is completed and writes 
them in descending order from address 50. The second stor 
age element 110 having 50 addresses, for example, is enough 
for performing the processing. 
The trellis decode processing circuit 109 may use double 

speed clock and read data from the first storage element 107. 
taking the interval of traceback processing into consideration. 
Other methods that can produce the same effects may also be 
used. 
As shown in FIG. 6, the data group includes the data block 

DB M+1 and the data block DBM in this embodiment, but 
the data configuration is not confined to that. For example, the 
data groups may include the data block DB M or the data 
block DB M+1 respectively. In that case, steps S10 and S22 
in FIG. 4 become unnecessary. Furthermore, in that case, the 
data block DB M, the data block DB M+1, and subsequent 
data blocks are successively input to the trellis decode pro 
cessing circuit 109 to be processed. 

In the receiving apparatus 100 according to this embodi 
ment, the trellis decode processing circuit 109 can succes 
sively decode the data read from the storage element 107. 
Accordingly, it becomes unnecessary to have a plurality of 
trellis decoding circuits 109; the size of the trellis decode 
processing circuit 109 can be reduced; and the required 
memory capacity of the trellis decode processing circuit 109 
can be Small. 

In the receiving apparatus 100 according to this embodi 
ment, the data read from the first storage element 107 can be 
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configured to calculate the likeliest path state of the traceback 
beforehand with respect to the data decoded and output in the 
traceback processing by using the Viterbialgorithm in the 
trellis decode processing circuit 109. Therefore, the required 
memory capacity and the circuit size can be reduced. 
The embodiment described here is an example in all 

respects and is not restrictive. The Scope of the present inven 
tion is indicated not by the embodiment but by the claims, and 
it is intended that all changes in the meaning and scope that 
are equivalent to the claims are included. 

In the embodiment described above, the equalization pro 
cessing circuit 106 and the trellis decode processing circuit 
109 have the memories 106a and 109a respectively, but they 
may have other configurations. For example, the equalization 
processing circuit 106 and the trellis decode processing cir 
cuit 109 may store necessary information in an external 
memory, which is not shown in the figure. 
The processing performed in the receiving apparatus 

shown in FIG.1 may be implemented by a control unit such 
as a CPU and a software executed by the control unit, for 
example. 
What is claimed is: 
1. A receiving apparatus comprising: 
a receiving unit which receives a trellis-coded modulation 

signal in which data items modulated by a plurality of 
trellis-coded modulators have been multiplexed: 

a data processing unit which performs an arrangement 
processing of arranging the data items multiplexed in the 
trellis-coded modulation signal received by the receiv 
ing unit so that a given number of data items modulated 
by one of the trellis-coded modulators are arranged con 
secutively and repeatedly in a first order in which the 
data items modulated by one of the trellis-coded modu 
lators have been modulated, and repeats the arrangement 
processing for remaining trellis-coded modulators; 

a trellis decoding unit which performs trellis decoding of 
the data items arranged by the data processing unit, 
thereby producing decoded data items; and 

a data rearranging unit which rearranges the decoded data 
items in second order in which the decoded data items 
have been multiplexed in the trellis-coded modulation 
signal. 

2. The receiving apparatus of claim 1, wherein the given 
number of data items to be arranged by the data processing 
unit is a number depending on a length of traceback process 
ing attributable to decoding performance of the trellis decod 
ing unit. 

3. The receiving apparatus of claim 1, wherein: 
the data processing unit Supplies the trellis decoding unit 

with two data blocks consecutive in order in which the 
two data blocks have been modulated by one of the 
trellis-coded modulators, each of the two data blocks 
including the given number of consecutive data items 
arranged by the data processing unit in the first order in 
which the data items modulated by one of the trellis 
coded modulators have been modulated, one of the two 
data blocks containing the given number of consecutive 
data items in an anterior portion thereof, the other of the 
two data blocks containing the given number of con 
secutive data items in a posterior portion thereof, and 

the trellis decoding unit receives the two data blocks from 
the data processing unit, obtains a plurality of likeliest 
states by performing trellis decoding of the data block 
which has been modulated later, identifies, from the 
likeliest states, a single likeliest state at which the trace 
back processing of the data block which has been modu 
lated earlier starts, and performs trellis decoding of the 
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12 
data block which has been modulated earlier by using 
the single identified likeliest state. 

4. The receiving apparatus of claim 1, wherein the data 
processing unit comprises: 

a first storage unit which stores data indicated by the trellis 
coded modulation signal received by the receiving unit; 
and 

an equalization processing unit which corrects distortion of 
the trellis-coded modulation signal received by the 
receiving unit; 

the equalization processing unit reading out the given num 
ber of consecutive data items multiplexed in the trellis 
coded modulation signal received by the receiving unit 
from the data items stored in the first storage unit, and 
arranging the read data items in the first order in which 
the data items modulated by one of the trellis-coded 
modulators have been modulated. 

5. The receiving apparatus of claim 1, wherein the trellis 
decoding unit comprises: 

a second storage unit which can store just an amount of data 
corresponding to the given number of data items; and 

a trellis decode processing unit which has the second stor 
age unit store the given number of consecutive data 
items Supplied from the data processing unit and per 
forms trellis decoding of the given number of consecu 
tive data items. 

6. The receiving apparatus of claim 1, wherein the data 
rearranging unit comprises: 

a third storage unit; and 
a data rearrangement processing unit which rearranges the 

data items decoded by the trellis decoding unit in the 
second order in which the data items have been multi 
plexed in the trellis-coded modulation signal and has the 
third storage unit store the rearranged data items. 

7. The receiving apparatus of claim 1, wherein the trellis 
coded modulation signal changes its multiplexing order with 
a given period. 

8. A receiving method comprising: 
a reception step of receiving a trellis-coded modulation 

signal in which data items modulated by a plurality of 
trellis-coded modulators have been multiplexed: 

a data processing step of performing an arrangement pro 
cessing of arranging the data items multiplexed in the 
trellis-coded modulation signal received in the reception 
step so that a given number of data items modulated by 
one of the trellis-coded modulators are arranged con 
secutively and repeatedly in a first order in which the 
data items modulated by one of the trellis-coded modu 
lators have been modulated, and repeating the arrange 
ment processing for remaining trellis-coded modula 
tors; 

a trellis decoding step of performing trellis decoding of the 
data items arranged in the data processing step, thereby 
producing decoded data items; and 

a data rearranging step of rearranging the decoded data 
items in second order in which the decoded data items 
have been multiplexed in the trellis-coded modulation 
signal. 

9. The receiving apparatus of claim 8, wherein the given 
number of data items to be arranged in the data processing 
step is a number depending on a length of traceback process 
ing attributable to decoding performance in the trellis decod 
ing step. 

10. The receiving method of claim 8, wherein: 
the data processing step Supplies the trellis decoding step 

with two data blocks consecutive in order in which the 
two data blocks have been modulated by one of the 
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trellis-coded modulators, each of the two data blocks 
including the given number of consecutive data items 
arranged in the data processing step in the first order in 
which the data items modulated by one of the trellis 
coded modulators have been modulated, one of the two 
data blocks containing the given number of consecutive 
data items in an anterior portion thereof, the other of the 
two data blocks containing the given number of con 
secutive data items in a posterior portion thereof; and 

the trellis decoding step receives the supplied from the data 
processing step, obtains a plurality of likeliest states by 
performing trellis decoding of the data block which has 
been modulated later, identifies, from the likeliest states, 
a single likeliest state at which the traceback processing 
of the data block which has been modulated earlier 
starts, and performs trellis decoding of the data block 
modulated earlier by using the single identified likeliest 
State. 

11. The receiving method of claim 8, wherein the data 
processing step comprises: 

a first storage step of storing data indicated by the trellis 
coded modulation signal received in the reception step; 
and 

an equalization processing step of correcting distortion of 
the signal received in the reception step: 

the equalization processing step reading out the given num 
ber of consecutive data items multiplexed in the trellis 

14 
coded modulation signal received in the receiving step 
from the data items stored in the first storage step, and 
arranging the read data items in the first order in which 
the data items modulated by one of the trellis-coded 

5 modulators have been modulated. 
12. The receiving method of claim 8, wherein the trellis 

decoding step comprises: 
a second storage step of storing just an amount of data 

corresponding to the given number of data items; and 
a trellis decode processing step of having the second stor 

age step store a given number of consecutive data items 
Supplied from the data processing step and performing 
trellis decoding of the given number of consecutive data 
items. 

13. The receiving method of claim 8, wherein the data 
rearranging step comprises: 

a third storage step; and 
a data rearrangement processing step of rearranging the 

data items decoded in the trellis decoding step in the 
second order in which the data items have been multi 
plexed in the trellis-coded modulation signal and storing 
the rearranged data items in the third storage step. 

14. The receiving method of claim 8, wherein the trellis 
5 coded modulation signal changes its multiplexing order with 

a given period. 
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